ABSTRACT Mosquito collections were conducted in Zika Forest near Entebbe, Uganda, from July 2009 through June 2010 using CO 2 -baited light traps, ovitraps, and human-baited catches. In total, 163,790 adult mosquitoes belonging to 12 genera and 58 species were captured. Of these, 22 species (38%) were captured in Zika Forest for the Þrst time. All the new records found in the forest in this study had previously been captured in other regions of Uganda, implying that they are native to the country and do not represent new introductions. More than 20 species previously collected in Zika Forest were not detected in our collections, and this may suggest a change in the mosquito fauna during the past 40 yr or variation in species composition from year to year. Arboviruses of public health importance have previously been isolated from Ͼ50% of the 58 mosquito species captured in Zika Forest, which suggests a high potential for transmission and maintenance of a wide range of arboviruses in Zika Forest.
Investigations of the mosquitoes of Zika Forest near Entebbe, Uganda, were initiated in 1946 (Kirya et al. 1977 ) following a human yellow fever (YF) serosurvey (Sawyer and Whitman 1936) , which showed that YF was endemic throughout Uganda. The investigations intensiÞed in 1960 when a 36.6-m (120 feet) steel tower was relocated from Mpanga Forest to Zika Forest to study the vertical stratiÞcation of mosquito activity, especially the important sylvan yellow fever virus (YFV) vector Aedes (Stegomyia) africanus Theobald (Kirya et al. 1977) . In the course of these investigations, the mosquito species composition for Zika Forest was described (Corbet 1964 . In addition, a wealth of information was gained on the biology, biting behavior, and oviposition activity for the different sylvan species. Lastly, several arboviruses were isolated from the mosquitoes collected in Zika Forest including Zika virus (Haddow et al. 1964 ), Uganda S virus (Dick and Haddow 1952) , and YFV (Kirya et al. 1977) , which demonstrated the medical importance of some mosquito species in Zika Forest and enhanced our understanding of the transmission and maintenance cycles of these arboviruses.
The routine mosquito collections at Zika Forest were discontinued in the early 1970s, and the mosquito species composition records have not been updated for Ͼ40 yr. Forty years ago, Zika Forest was isolated from all human settlement and virtually unaffected by human activities. Currently, Zika Forest is surrounded by new homes, crop Þelds, or both, and plantations and the ecosystems adjacent to the forest have signiÞcant modiÞcations as a result of human activity. Studies have shown that forest modiÞcation and clearing have a negative impact on biodiversity (Koh 2007 , Nichols et al. 2007 , Chazdon et al. 2009 ). These studies reported that forests are inßuenced directly or indirectly by many land uses, including road construction, hunting, cattle grazing, agricultural incursions, and over harvesting of nontimber products. All land uses around the forest greatly exploit the forest habitat and indirectly affect the mosquito community. These effects have been further compounded by the ever-changing climate. The aim of this study was to describe the current mosquito species composition in Zika Forest and compare it with what was observed in the past.
Materials and Methods
Study Area. Zika Forest is a small isolated tropical forest located at coordinates 32Њ 30Ј E and 0Њ 7Ј N and Ϸ6 km (3.7 miles) from Entebbe. Zika Forest is a property of the Uganda Virus Research Institute, Entebbe (UVRIE), and it is protected and restricted to scientiÞc research activities. The forest covers Ϸ25 ha (61.8 acres) and forms part of a narrow sinuous strip skirting the extensive grass and papyrus swamps of Waiya Bay, a sheltered inlet of Lake Victoria near Entebbe (Fig. 1 ). There is a 36.6-m (120 feet) steel tower located within the forest that was set up in 1960 to study the stratiÞcation of mosquito activities especially the principal YFV sylvan vector Ae. africanus (Kirya et al. 1977) . Zika Forest is particularly suitable for mosquito work because it combines several ecosystems including hill slope forest and wet swamp forest, which comprises a wide variety of mosquito habitats (Corbet 1961) , and it is easily accessible, only 6 km from UVRIE. Sampling. Mosquitoes sampling was conducted from July 2009 through June 2010 and the mosquitoes were collected following three different sampling protocols. In the Þrst protocol, we collected mosquitoes at different heights in the forest from 6.1 to 36.6 m (20Ð120 feet) above the ground. These studies were conducted on the steel tower. In the second and third protocols, mosquitoes were collected at ground level, Ϸ1 m above the ground. In the second protocol, collections were conducted at different locations inside the forest, and in the third protocol, mosquitoes were collected along the forest edge. Three different methods were used to collect mosquitoesÑ1) carbon dioxide (CO 2 )-baited Centers for Disease Control and Prevention (CDC)-light trap (with the light on), 2) human landing collections were conducted weekly throughout the sampling period, and 3) ovitrap collections were conducted once every 3 mo. For ovitraps, we used 22-oz black plastic cups (Giacona Container Company, New Orleans, LA) baited with tap water, and the substrates were rectangular pieces of brown seed germination paper (Anchor Paper Company, Saint Paul, MN). During human landing collections, Þeld workers captured mosquitoes landing on the legs by using battery powered hand aspirators (HausherrÕs Machine Works, Toms River, NJ). All Þeld workers were vaccinated against YFV. Eggs collected by the ovitraps were reared to adults and identiÞed to species. All identiÞcations were conducted by using the keys of Edwards (1941 ), De Meillon (1947 , Gillett (1972) , Gillies and Coetzee (1987) , and Jupp (1996) . We used the nomenclature of Knight and Stone (1977) supplemented with notes and updates from the Walter Reed Biosystematics Unit Web site (http://www.wrbu.org/docs/mq ClassiÞcationTraditional201307.pdf). Climate parameters including temperature, rainfall, and humidity were recorded at each time of sampling. Rainfall and temperature data were obtained from a weather station at Kisubi, located Ϸ500 m (0.3 miles) from Zika forest. The relative humidity was measured by using a thermometer hygrometer (Viking AB, Sweden). Voucher specimens for each species currently stored at the Uganda Virus Research Institute, Entebbe, Uganda.
Statistical Analysis. Analysis for mosquito composition was done using the program R 2.10 (R Development Core Team 2010) and Past (Hammer et al. 2001) . Differences in abundance of mosquitoes during the year were evaluated using nonparametric multivariate analysis of variance (NPMANOVA) and the SIMPER test (Analysis of Similarity and Differences between Sites). Means were compared by NPMANOVA and when signiÞcantly different, they were exposed to the SIMPER test for the analysis of differences between mosquito species in the months and sites. Correlations between temperature, rainfall, relative humidity, and numbers of mosquitoes collected over the year and sampling sites were determined using nonparametric (Pearson-product moment) correlation analysis.
Results
In total, 163,790 adult mosquitoes belonging to 12 genera and 58 species were collected ( (Table 1) .
The most abundant species in human landing collections was Ae. africanus, which comprised 65.9% of the total collections followed by Cq. fuscopennata (7.7%), Cq. aurites (7.5%) and Ae. (Finlaya) ingrami Edwards (5.2%). The most abundant species in ovitrap collections was Ae. africanus, which comprised 76.8% of the total collections followed by Cx. (Culiciomyia) cinereus Theobald (11.8%) and Ae. (Stg.) apicoargenteus (Theobald) (5.1%). All the other species combined were Ͻ5% of the total ovitrap collections. Only three species were collected by all the three methods, namely, Ae. africanus, Cx. (Cux.) pipiens L., and Cx. cinereus (Table 1) . Of the 58 species collected, 20 were collected in human landing catches, 19 were collected in both light traps and human-baited catches, but only one species, Cx. (Kitzmilleria) moucheti Evans, was collected in CO 2 -baited light traps and ovitraps, but not in human-landing catches (Table 1) . Mosquitoes in the genera Culex, Hodgesia, and Mansonia were frequently captured in human-baited catches and CO 2 -baited light traps collections; however, species in the genera Mimomyia and Uranotaenia were only collected in CO 2 -baited light traps (Table 1 ). The Aedes species were collected in low numbers in the CO 2 -baited light traps compared with human-bait and ovitrap methods. Toxorynchites species were only collected in ovitraps (Table 1) .
Ae. africanus was the most frequently captured species in human-baited catches and in ovitrap collections. The highest number of genera, species, and number of mosquitoes were collected in CO 2 -baited light traps. The highest number of mosquitoes collected was in the genus Coquillettidia and mostly in CO 2 -baited light traps collections (Figs. 2 and 3), while the majority of the Aedes species were collected in human-baited catches and in ovitraps (Fig. 3) . Overall, the most abundant mosquito species collected was Cq. fuscopennata, which was 24% of the total collections followed by Cq. metallica (18%), Cx. annulioris (14%), and Cq. pseudoconopas (12%) ( Table  1) . Cq. metallica was the most frequently collected species from April through June 2010 (Fig. 4) . In human-baited catches and ovitrap collections, the most frequently collected species were in the genus Aedes and the most abundant species in these collections were Ae. africanus, Ae. (Stg.) aegypti (L.), and Ae. (Stg.) aegypti formosus (Walker), and Tx. (Tox.) brevipalpis Theobald were only collected in ovitraps (Fig. 2) .
More mosquitoes were collected between January and May 2010 (Fig. 4) , and there were signiÞcant differences between mosquitoes collected over the months (NPMANOVA; P Ͻ 0.005; P ϭ 0.0001). The highest numbers of mosquitoes were collected at Sites 1Ð 4 at ground level inside the forest and the least number of mosquitoes were collected at 30.5 m (100 ft) and 36.6 m (120 ft) stations on the tower. Relative humidity (r ϭ 0.065; P Յ 0.05) and temperature (r ϭ 0.396; P Յ 0.05) showed positive correlations with mosquito abundance, which suggests temperature is associated with mosquito captures probably owing to (Corbet 1961; Haddow 1964; Haddow et al. , 1968  Table 2 ).
Discussion
Our data show variations in the species composition of Zika Forest from the last published species lists Ͼ40 yr ago. Nineteen of the 25 species collected in Zika Forest for the Þrst time during our studies were captured using CO 2 -baited light traps (Tables 1 and 2 ). The primary collection method used in Zika Forest before the mid-1970s was human landing catches, and this may have precluded these species from previous detection in Zika Forest. In addition, Ae. luridus, Ae. marshalii, Cx. kingianus, Cx. bitaeniorynchus, Mi. splendens, Mi. plumosa, and Mi. mediolineata were each represented by Ͻ5 specimens in our collections (Table 1), suggesting that these species are extremely rare in Zika Forest or difÞcult to detect. However, some species especially in the genera Mimomyia and Uranotaenia were captured in relatively high abundance (Fig. 2) , suggesting that these species are abundant in Zika Forest, but probably only readily collected in CO 2 -baited light traps. Three species detected for the Þrst time in Zika Forest but captured by methods other than CO 2 -baited light traps included Ae. aegypti formosus. However, there is the possibility that the Ae. aegypti aegypti previously reported in Zika forest was Ae. aegypti formosus, as the two species are morphologically similar and all recent mosquito surveys have not detected Ae. aegypti aegypti in Uganda. The fact that 1% of Cx. antennatus were captured in human landing catches and the rest in CO 2 -baited light traps suggested that this species may have previously been collected in Zika Forest, but there was a tendency of lumping together and processing Culex mosquitoes collected in human landing catches as Culex species and not identifying them to species . Ae. metallicus was only captured in human landing catches (Table 1) , but only one specimen was collected in 12 mo ( Table 1 ), suggesting that this species is extremely rare in Zika Forest. It is possible that Ae. metallicus has been present in Zika Forest but in low densities and has been undetected until our studies in 2009 Ð2010. Alternatively, Ae. metallicus may have been recently introduced to the areas by the human activity around Zika Forest. Overall, the only meaningful comparisons we could make were between human landing catches, as it was the method of choice in the past and data on CO 2 -baited light trap collections is lacking. Only four species had previously not been captured at Zika Forest by using humanlanding catchesÑAe. aegypti formosus, Ae. metallicus, Cx. antennatus, and Cx. pipiens. We have already discussed Ae. metallicus in detail and we have discussed the tendency to lump Culex species together unidentiÞed. We have mentioned that the unidentiÞed Cx. pools probably included Cx. antennatus owing to lack of striking morphological identifying characteristics for this species and the low numbers captured. The Cx. spps. pools may have included Cx. pipiens and Cx. quinquefasciatus. However, the number of Cx. pipiens collected was high, and it is unlikely that previous investigators did not notice this species. There is the possibility that Cx. pipiens is a recent introduction to Zika Forest especially because this species is associated with human settlements. However, the fact that all 22 species have previously been captured in other regions of the country (Haddow 1945 (Haddow , 1946 (Haddow , 1948 (Haddow , 1954 Corbet 1961; Simpson et al. 1965; Ssenkubuge 1965, 1974; Lutwama 2000) shows that all these species are native to Uganda and their recent detections in Zika forest do not represent new introductions to the country. a,b,c,d,e,f,g b,c,d,e,f,g,h 
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The 27 species that were previously collected in Zika by Corbet (1961) and Haddow et al. ( , 1968  Table  2 ) and not detected in our collections may reßect variations in species composition or variations in relative abundance from year to year in Zika Forest, or localized extinction in Zika Forest during the last 40 yr. However, although eight Anopheles species have previously been detected in Zika Forest, most of these species were captured in in 24-h catches. All 2-h sunset catches did not detect more than three Anopheles species , Woodall 1964 , Goma 1965 , which is consistent with the two speciesÑAn. implexus and An. coustaniÑwe report in this manuscript. The most abundant Anopheles species captured was An. implexus, which is similar to previous studies and suggests that the changing conditions had minimal effect on the abundance this species.
Of the 58 mosquito species we collected in Zika Forest, arboviruses of public health importance have previously been isolated from at least 31 (50.8%). The arboviruses associated with these species include Chikungunya virus , Zika virus , Rift Valley Fever virus ), OÕnyong-nyong virus (Rwaguma et al. 1997 , Lanciotti et al. 1998 , Sindbis virus (Woodall 1964) , Bunyamwera virus (Smithburn et al. 1946) , Ntaya virus (Smithburn and Haddow 1951), Semliki Forest virus (Woodall 1964 ), West Nile virus and Usutu virus (Smithburn et al. 1940 , Witwatersrand virus and Germiston virus (Monath et al. 1972) , and Uganda S virus (Dick and Haddow 1952) . This suggests a high potential for transmission and maintenance of a wide range of arboviruses of public health importance within Zika Forest. Haddow (1963Ð1965) . b Haddow and Ssenkubuge (1965) . c Williams (1964) . d Goma et al. (1965) . e Goma (1965) . f Haddow et al. (1968) . g Haddow (1964) . h . i Goma (1964) . Species without references were collected in Zika Forest for the Þrst time in 2009 Ð2010.
